Introduction
The global economic and social development process has brought about increasing capacities of electric energy production, transportation and distribution. This fact has required both the development of the national power systems and the interconnection of most of them, leading to real expanded continental power systems. But technological development and territorial expansion have generated new problems concerning their running and monitoring. Planning, designing, leading and running such huge systems has turned to very complex activities, indissolubly linked with their operating stability. The problem of power system stability has got new spatial and temporal dimensions implying the reconsideration of the means and methods of analysis through revising and expanding mathematical modelling in order to get a most accurate numerical simulation of the operating regime 1 . The operating experience shows that the synchronism of synchronous generators in networking power plants can be lost even at a few minutes after a disturbance has appeared. In this case the phenomena are much more complex and they refer to slow power oscillations on the interconnecting electric lines among large areas which lead to a decrease in frequency and loss of synchronism among these regions. Such phenomena can appear due to the poor performance of the frequency -exchange power control and the unsatisfactory answer of the slow action of the governing elements as, for example, those of the boilers, turbines, charging valves, feeding pumps, hydro units etc. In this respect, they speak about Long Term Dynamic (LTD) stability or slow phenomena stability 2 . From the point of view of time scale analysis, the phenomena which are manifest in Long Term Dynamic processes are minute long, comprising a part of the time allotted to the variation of consumers` electric loading and the values of the time constants of the boilers and steam turbines as well as those of the primary installations of the hydro units. Therefore it is necessary to increase the number of the system elements whose mathematical modelling has to be considered in simulation, so that the main components of the power system be included starting from the thermal, hydro and mechanical primary installations up to the consumers, including the characteristics of the respective elements and the functional relationships between the input and the output values and the assembly as a whole. If we consider that the mass balance between the feed water flow rate and steam flow rate is satisfied, the pressure variation process is described approximately through the differential equation:
t aq dp TD D dt =− ;
where: q D -is the boiler thermal load; D -is the steam load; T a [kg/at] -is the accumulation constant. By means of T a , there can be calculated the boiler inertia time as following:
For the modern boilers, 
The mathematical model of the boiler, described by transfer function (4) has got for input value (figure 3) the algebraic sum of the signals of the load and the steam flow rate, t m  (if there is no thermo-mechanical control system), or the algebraic sum between the load signal and the load reference signal of the synchronous generator (if there is a thermo-mechanical control system). 
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The output value is represented by steam pressure, p t . This mathematical model has the advantage of simplicity but it implies a more detailed representation of the control system. Though simple, it approximates fairly well the dynamic behaviour of any type of steam generator, both from a quantitative and from a qualitative point of view. As to the combustion chamber, its influence on the dynamic behaviour of the boiler depends on its construction and on the combustion method. The heat evolved by the combustion chamber is determined by the control system of the combustion process, which contains a fuel feeding system and a fuel control. The fuel controller reacts to the steam flow rate and steam pressure and to other parameters depending on its construction and it emits a modification impulse of the fuel flow rate. After emitting the impulse, after a certain period of time, depending on the delay in the fuel feeding system, there starts the modification of thermal load, D q . In the case of drum type boilers, the modification process of the thermal load can be described by the differential equation:
where: (20 25) F T =÷s is the time constant of the combustion chamber and (6 60) c T =÷ s is the time constant of the fuel carriage which depends on the control type and on the type of the fuel that is used. The position of the control device of the fuel feeding system has been assigned to B µ . In the case of once-through boilers, as the dynamics of the boiler is determined by the rapid water-steam flow, the influence of the steam generator is much diminished versus the delay introduced by the water feed pumps, which can be represented by the following transfer function:
where: (20 25) M =÷s represents the time constant of the boiler-water feed pumps 4 .
The mathematical modelling of the steam boiler automation
The automatic control of the steam boiler has to solve a set of problems connected with the synchronous control of more values: load control, combustion control, keeping constant the water level in the drum type boilers, keeping constant steam temperature and negative pressure in the combustion chamber. The control of these values means modelling the types of control equipments, namely the pressure of steam, the fuel and air, the feed water and the temperature. As temperature modifications and control are very slow, their modelling can be neglected. As to the fuel and air control and feed water control equipments, these will determine boiler load D q . The main components which influence the boiler response being fuel dynamics and the dynamics of the air introduced in the ventilators as well as the response of the feed water pumps and of the associated control equipments, the dynamic dependences will be manifest through two distinct ways: a slow one (fuel-air) and a quick one (water-steam). The two ways have no direct physical correspondence, but they can be used together to simulate either drum type boilers (where the dominant effect on pressure belongs to fuel and air) or once-through boilers (where the boiler load dynamics is dominated by the boiler feed water parameters); there can also be combinations of both effects, depending on the value adopted for a weight factor 0 1 K ≤≤, introduced into the calculation programs, which simulate steam boiler behaviour in dynamic processes. The block diagram of the steam boiler automation is represented in figure 4. The pressure control equipments have been represented through a PI − type, followed by a differential control unit (figure 4). At the entrance into the control equipment there has been applied the signal of pressure error at the admission valve versus the pressure reference value, balanced with the load error of the generator. The output signal can be balanced with the generator load signal or with the signal of the turbine steam flow rate, when there is no coordinating thermo-mechanical control system and it has got both superior and inferior limits. Fuel-air dynamics (the case of the drum type boilers) is represented through a delay of ( ) ( ) 
where M is the time constant of the water feed pumps. The action signal of the boiler load, D q , has been got from adding up the output signals of the two ways (fuel-air and water-steam). The mathematical model described in figure 4 allows simulating automation for both types of boilers, drum type boilers and oncethrough boilers, through values 1, respectively, 0, assigned to weighting factor K.
The mathematical modelling of the steam turbine
The changes in the energetic status of a steam turbine can be generated by the following disturbing values:
Load variations (the electric power and the voltage at the synchronous generator terminals); Live steam flow variation (the boiler steam flow); Live steam pressure variation (due to the modification of the fuel heating power); Live steam flow variation at the turbine's steam bleeding.
The transfer function of the steam turbine
The nominal electric power of the steam turbine-synchronous generator aggregate operating in steady regime is given by the expression:
where: η is the real efficiency of the turbine, e η is the electric energy efficiency, D is the steam flow rate at the entrance of the turbine and H is the enthalpy variation in the turbine 5 . The difference between the instantaneous values of mechanical torque M T , of the turbine and the synchronous generator electric torque M G , modifies the aggregate dynamic torque, according to the second principle of Newtonian mechanics:
In the transitory regimes of the electric power systems, the deviations of pulsation versus the synchronous pulsation ( ) n Δω = ω − ω do not exceed (20-30) %. In this scale, the characteristics turbine torque-pulsation can be approximated through tangent lines in the point corresponding to the rated speed. In figure 5 there is represented such a family of characteristics having µ as position parameter of the steam admission valve of the speed control system. In this case, the equation of the characteristic turbine torque-pulsation is expressed in per units as following:
where: α and β are constant coefficients which, according to figure 5, satisfy the expression: Experimentally there has been observed that, when the turbine power varies, the slope of the characteristics turbine torque-pulsation varies depending on the torque corresponding to the rated speed, namely:
In expression (11) coefficient n M k β = ϕ is the turbine automatic control coefficient and it is equal with the slope of the characteristic. If the variation of the torque and pulsation in expression (8) are related to the corresponding nominal values, the following result is obtained:
where: factor / nn JM ω has a temporal dimension and represents the starting time constant or the launching time of the turbine -synchronous generator aggregate, namely:
Launching time, l T , does not modify proportionally with the machine power as inertia moment J, due to constructive reasons, does not increase proportionally with the increase in the machine power. Equation (12) 
Relation (14) shows that the aggregate behaves like an integral unit whose output value has a linear variation in time, at a step variation of the input value.
The mathematical modelling of the boiler with steam re-heater
The presence of the steam re-heater modifies the behaviour in the case of turbines built with three pressure units. The use of steam re-heater in this case allows increasing the aggregate power and efficiency but it leads to a worsened dynamic behaviour because the steam re-heater follows with some delay the power variations generated by the control valve of the intermediate and low pressure units (IPU+LPU), introducing a dead time in the transmission of the variations of the steam flow rate at the entrance 6 . At the same time, the large volume of steam leads, through pressure release in (IPU+LPU), to large super-adjustments of speed and rapid power variations. This is due to the fact that the contribution to power of (IPU+LPU) is about (70÷80) % of the nominal value while that of the high pressure unit (HPU) is only (20÷30) %. A simplified representation of the turbine-synchronous generator aggregate, having a steam re-heater is given in figure 6 . The steam generated by the boiler flows through HPU, where it releases part of its thermal energy, determining a torque MT 1 at the turbine axis, then flows through the connecting pipe and enters the steam re-heater where it receives an excess of thermal energy and from here it flows through the connecting pipe with IPU+LPU, where determines torque MT 2 at the turbine axis. The rotors of units HPU, IPU and LPU being rigidly coupled, the total torque will be the sum of the torques developed in each unit. In the studies of Long Term Dynamic stability the mathematical modelling of the turbine with three pressure units and steam re-heater can be described through the block diagram in figure 7. ( )
where: K PD is the amplifying factor corresponding to the drop pressure in the high pressure pipes. To the steam flow rate, CV m  , there is applied a delay described by a transfer function with a first order delay 1/(1+sT CV ), where T CV is the steam time constant through pipes and valves, resulting in steam flow rate HP m  at the entrance of the high pressure unit of the turbine. The steam turbine is modelled through two serially connected first order delay elements representing the delays given by the steam re-heater having time Table 2 . The values of the constants of the steam turbine
The mathematical model of the steam turbine represented in the block diagram in figure 7 is described by the following set of algebraic and differential equations:
The initial values of the variables are obtained from the pre-disturbance steady state, which results from annulling the derivatives in expression (16), this fact leading to the system of above mentioned algebraic equations. Though, there has to be mentioned that the steam turbine, as an assembly, behaves like a derivative element of first order delay, the modelling described as a transfer function 
The mathematical modelling of the primary installations of a hydro power plant
The theoretical study of the behaviour and stability of hydro power plants is complex and highly difficult due to the large number of variables, to the fact that hydro units cannot be standardized (each of them depending on the geographical situation of the area where it is placed) and to the non-linearity of the hydro power system 8 . That is why the first research works in the field have been directed to realizing the linearity of the system around the operating point. In order to be able to analyze the stability of a hydro power plant, this should be theoretically divided into two subsystems: the hydro subsystem (from the reservoir to the turbine) and the electro-mechanical one (comprising the turbine, the admission valves control system and the speed governor). The assembly of the two subsystems is represented in figure 8. 
The simple mathematical modelling of a hydro power plant
The hydro power plant comprises the reservoir, the influent conduit, the surge tank, the raceway and the hydro turbine. The mathematical modelling of the hydro power plant implies writing the characteristic operating equations for each unit separately, established for common operating conditions and assembling the equations in a mathematical system which is solved at each simulation step. The problem is highly difficult and that is why, for the largest number of the power system stability studies, the modelling of the hydro power plant is reduced to modelling the hydro turbine whose transitory characteristics are deduced from the dynamics of the water in the raceway. The following mathematical model is obtained and it is presented in figure 9. In this mathematical model, the whole hydro power plant is considered practically through the value attributed to constant, T W , which represents the water launching time or the water time constant. It is associated with the water acceleration time in the raceway between the dam and the turbine and it can be determined with the following expression:
where: L is the length of the raceway, v is the water speed, g is the gravity acceleration and H t is the net head of water in the raceway. The longer the net head of water is the shorter the water launching time and, usually, T W = (0.5 ÷ 7) s. This mathematical model is simple and easy to handle but it is too general and cannot be applied to long raceways.
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The complex mathematical model of the hydro power plant
In order to obtain the complex mathematical model of a hydro power plant 9 we need some explanations and preliminary calculations. Thus: a. All the values are expressed in per units related to the absolute values corresponding to the operating point in the pre-disturbance steady state. b. Considering the problem of a hydro unit stability implies that with a relatively short time variation , Δt, all the values vary only in the vicinity of their operating point in steady state, fact accepted physically due to the big inertia of the system and of the corresponding large time constants. This way, the infinitesimal quantities of a rank higher than 2 are neglected and only the first terms in the series development around the steady state point are kept, namely the equations describing the behaviour in time of the different elements of the hydro power plants are smoothed. c. There are defined the following values for the hydro turbine and hydro unit according to the turbine mechanical, hydro and geometrical parameters. These values are presented in Table 3 : Table 3 . Basic values for the turbine and the hydro power plant.
9 (Huimin & Chao, 2006) www.intechopen.com
The determination of the basic hydro parameters of the hydro turbine
In steady state, if the cavitation is neglected, the hydro behaviour of a turbine is determined by the following expressions:
which in the spatial Cartesian system represent two surfaces. But, if plan representation is used, we get functions ε = f(γ), with η parameter and ε = f(γ), with A parameter, representing the position of the wicket and the turbine blades. These functions can be represented in plan (,) ε γ according to figure 10. If we consider point P, as the operating point in steady state, the behaviour of the turbine, from the point of view of stability, is wholly determined by two tangent plans in point P, to the surfaces described in expressions (18). But the orientation of each plan is determined by two slopes, then, theoretically, it suffices to know 4 of the slopes to approach any stability problem of the turbine around the point corresponding to the steady state 10 . Practically, these 4 slopes are obtained in per units, as following: The 4 slopes represent the basic hydro values of a hydro turbine. But their values cannot be calculated unless the surfaces which characterize the hydro behaviour of the turbine are expressed analytically. That is why for solving this problem we use statistical data obtained from a large number of turbines of all types (Pelton, Francis, spiral and Kaplan), resulting in variation curves of the basic hydro values depending on the speed value, given in Figure 11 . The turbine speed value is defined by the expression:
where: Q -the turbine water flow rate; n -the turbine speed; r s -the reference section; n H -the net head of water and g -gravity acceleration. 
The operating equations of the hydro power plant
The operating equations of the hydro power plant are presented in Table 4 , in the order corresponding to the water flow sense, from the water reservoir to the hydro turbine. 
The expression of the complex mathematical model of the hydro power plant
Starting from the above mentioned equations, there can be written a system of differential and algebraic equations to synthesize the mathematical models of the different elements within the hydro power plant equipped with influent conduit and surge tank and which, together with the equation of rotor (turbine & generator) movement and the equations of the speed control system of the power generating unit characterize completely the behaviour of a hydro power plant in dynamic stability 11 . The set of differential and algebraic equations consists of: the equation of the water level in the surge tank; the equation of the net specific energy in the point of surge tank insertion; the equation of the net specific energy; the equation of the hydro turbine flow rate; the equation of the hydro turbine mechanical power. To make the set of equations easier to approach through integrating the differential equations and solving the algebraic ones, the equations are ranked and displayed in a form to allow applying Runge-Kutta integration methods. Thus, the following system is obtained: To the set of equations (23) Figure 12 presents the block diagram of an operating hydro-mechanical installation equipped with influent conduit and surge tank. Equations (23) and the corresponding block diagram in figure 12 have a general character describing the behaviour of the whole hydromechanic installation around the steady state point. If the hydro power plant has no influent conduit and surge tank, equations (23) stay valid but they are particularized through annulling the constants corresponding to these elements, and, in figure 12 , the corresponding blocks disappear from the diagram.
The mathematical modelling of the speed governor
Frequency, as a unique parameter of the electric power system, plays a special role in its reliable and economic operation. If the reactive current component is neglected (for cos 0.8 ϕ =
) there can be stated that the active power losses in the electric power systems are proportional to frequency increased to the power of four:
and then an increase in frequency leads to increasing power losses, and a decrease in frequency leads to a diminished consumers` productivity. There has also to be mentioned that keeping frequency at a constant level is a "must" in the case of the interconnection of large power systems, frequency variations being incompatible between partners. In real circumstances, frequency is not kept strictly constant, but variable in pre-established limits, slightly depending on disturbance, which in this case is represented by the active power variation ( P Δ ) consumed in electric power systems. That is why there are realized static characteristics of the speed to allow a univocal distribution of the disturbing values on the power units set in parallel, either in the same power plant or in different points of the power system. Fig. 12 . The block diagram of a hydro-mechanical installation equipped with influent conduit and surge tank.
The block diagram and the mathematical models for the speed governors of the thermal and hydro power plants
The speed control of the power units is realized by means of turbine automatic control systems, namely speed governors (SG). To make possible univocal distribution and necessity based modification of the disturbing values distribution, the automatic control of speed is a static one, with offset characteristics between (1 -7) %. There are a large number of SG types, with mechanical, electrical, electronic elements with which turbines are www.intechopen.com equipped 12 , but no matter the type, SG's mainly consist of the following elements: a measuring element for speed (or frequency), amplifying elements (servo-engines) which take over the shifting of the pendulum and shift the heavy control units of the turbine, and reaction devices which insure the control stability and quality of transitory processes. From Long Term Dynamics studies there have been chosen two different general models to describe SG behaviour for thermal, respectively hydro-mechanical installations, these types being described in the block diagram in figure 13 . a) thermal installations; b) hydro installations The equations which describe SG behaviour in figure 13 are: for the thermal model:
with :
for the hydro model:
with:
To equations (25) and (26) the movement equation of rotors is added.
As to the values of the coefficients in equations (25) and (26) 
Numerical simulations of the primary installations of the power plants
For the numerical simulation of power plants in dynamic regimes, the mathematical models of the components of the primary installations have to be assembled according to their causal links and there have to be written the corresponding systems of equations.
Conceiving the algorithms and writing the calculation programs for each type of power plant and, finally applying them to real operating power plants turns hypotheses to certainty 13 .
The model of the primary installations of a thermal power plant
Based on the mathematical models of the elements of a thermal power plant, there has been conceived an assembly operating block diagram of the thermal unit of a power plant. It is represented in figure 14 . The diagram allows modelling both types of primary installations, either those provided with drum type boilers or those with once-through boilers. The assembly operation is described by a set of algebraic and differential equations which are added to the inequalities of the corresponding limitations, as following: 
22 11 1 ; 
Applications and the interpretation of the results of the computer simulation of thermal and hydro primary installations
For simulating the dynamic processes in power plants, using the mathematical models of the primary thermal and hydro installations, there have been conceived two calculation programs, named THERMO and HYDRO, whose flow charts are described in figure 16 , a and b. The programs have been written in DELPHI. They have aimed at studying the way in which the systems of equations satisfy the initial conditions corresponding to a pre-disturbance steady state and they allow the calculus of the initial values of variables. We have studied the way in which the models respond to a given disturbance, the adjustment of the models according to the response to disturbances as well as checking the stability of the mathematical models having in view the possibility of linking them to the mathematical www.intechopen.com The analysis of the dynamic evolution of the thermal-mechanical system has been made for a time of 100 s, with an increasing step of 1 t Δ= s. All the values have been written in per units. In Figure 17 , there have been presented synthetically the main thermal -mechanical installations of Thermal Power Plant Mintia, Romania to which dynamic simulation has been applied and the results of the dynamic behaviour analysis are represented in Figure 18 , having an operating once-through boiler. installation. The slow pressure oscillation at the admission valve is longer than 100 seconds. In the first five seconds after the disturbance moment, the pulsation, ω , slightly decreases due to the increase in electric power, which determines a retarding torque at the synchronous generator axle coupled to the steam turbine. After this decreasing tendency, the pulsation recovers slowly at a relatively constant value, a little bit higher than the initial one, and after 60 seconds, due to the action of the speed governor, the initial speed is reached, simultaneously with reaching the balance of the mechanical power with the electric one. The analysis of the dynamics of the thermo-mechanic installations for a period of 100 seconds points out the stabilization tendency of the thermo-mechanic operating system through a damped oscillatory process of all the thermal and mechanical values. For modelling the dynamic behaviour of a hydro power station using the HYDRO program, we have considered Hydro Power Plant Raul Mare, Romania, equipped with a Francis turbine defined by the following parameters: nominal mechanical power, 167 The dynamic behaviour of the hydro-mechanic installation has been analyzed for a disturbance consisting of 10% increase of electric power versus the steady state at the synchronous generator's terminals, represented by the hydro power station operating with a single generating unit loaded with 80 % of the nominal power. There has been studied the evolution in time of the mechanic and hydro values on an interval of 200 seconds, with a time incremental step of 1 ts Δ= . In Figure 19 there are presented synthetically the main hydromechanic installations of the hydro power plant to which the dynamic simulation is applied. The results of the dynamic behaviour are represented in Figure 20 . There has been observed that a sudden increase in the electric power required at the terminals of the synchronous generator results in a rapid decrease in speed, n, due to the appearance of a strong braking couple. The speed governor registers the speed decrease and initiates the opening of the wicket gates. At the beginning, the wicket gates open very quickly and mechanical power P m increases, surpassing the value of the electric power, this fact leading to the appearance of an accelerating mechanical torque and, this way, speed n starts increasing. But as soon as the wicket gates open an increase in water flow rate Q of the turbine is registered and this cannot be compensated by the water leaking through the dam, through the influent conduit and water level, H k , in the surge tank starts decreasing, leading to a diminishing of the net head of water and, correspondingly, to a decrease in the net specific energy, k E .
Caption: -----Q -----m P ------P ------k E ------n -------k H This dynamic process in the hydro power plant, due to its big inertia, is produced much more slowly than the control dynamic process given by the speed governor which now, registering the speed increase, initiates the closing of the wicket gates and reduces the mechanical power under the value of the electric one. The speed decreases and re-starts opening the wicket gates but, as the water level in the surge tank is diminished and the net head of water is shorter, in order to get the corresponding mechanical power, there is needed a bigger water flow rate on a longer period of time. After having balanced the powers, the closing of the wicket gates is initiated, this leading to an increase in the water level of the surge tank and in the corresponding net specific energy.
Conclusions
The analysis of the simulation results has shown concordance with the evolution of the dynamics of thermal and hydro-mechanic primary installations in real circumstances. The Numerical Simulations of Physical and Engineering Process is an edited book divided into two parts. Part I devoted to Physical Processes contains 14 chapters, whereas Part II titled Engineering Processes has 13 contributions. The book handles the recent research devoted to numerical simulations of physical and engineering systems. It can be treated as a bridge linking various numerical approaches of two closely interrelated branches of science, i.e. physics and engineering. Since the numerical simulations play a key role in both theoretical and application oriented research, professional reference books are highly needed by pure research scientists, applied mathematicians, engineers as well post-graduate students. In other words, it is expected that the book will serve as an effective tool in training the mentioned groups of researchers and beyond.
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